This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
- • FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



AsTescanning documents will not correct images, 
please do not report the images to tlie 
Image Problem Mailbox. 




PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 





1 (51) laternational Patent Classification ^ : 




(11) International Publication Number: 


WO 97/36407 


H04L 12/56 


Al 










(43) International Publication Date: 


2 October IW (02.10.97) 



(21) International Application Number: PCr/US97/042S8 

(22) International Filing Date: 18 March 1997 (18X)3.97) 



(50) Priority Data: 

08/622.764 



25 March 1996 (25.03.96) 



US 



(71) Applicant: I-CUBE» INC. [US/US]; 2605 Winchester Boule- 
vard. Campbell, CA 95008-5320 (US). 

I (72) Inventors: DAHLQREN, Kent. Blair 1126 Hyde Avenue, San 
Jose. CA 95129 (US). BEDELL, Daniel, J.; 205 S.W. 97di 
Avenue, Portland, OR 97225 (US). 

(74) Agent: BEDELL, Daniel, J.; Smith-Hill and Bedell. P.C.. 1440 
Pioneer Tower. 888 S.W. Fifth Avenue. Portland, OR 97204 

(US). 



(81) Designated States: JP, European patent (AT, BE. CH. DE. DK, 
ES. R. PR, OB, OR, IE. FT, LU. MC. NL, PT, SB). 



Published 

With international search report. 



(54) TItie: HIERARCHICAL ADDRESS TRANSLATION SYSTEM FOR A NETWORK SWmCH 
(57) Abstract 

J A network switch ( 12) includes an hierarchical address translation 
system for relating network addresses of stations to receive incoming 
transmissions to the switch ports. The transmission system includes a 
central translation unit (26) and local translation units (44). Each local 
translation unit (44) contains a local cache mcnwry (100) for storing a 
smaller subset of the mapping entries stored in the central translation 
unit (26). 




20 



MANAGER 




FO/? THE PURPOSES OF iNFORMATlOS ONLY 
Codes used to identify Slates party to the PCT cm the front pages of pamphlets publishing international applications under the PCT, 



AL 


Albviia 


ES 


Spain 


L8 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


n 


Fmland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austrift 


FR 


Prance 


LU 


Luxembowg 


SN 


Senegal 


AU 


AustrdtA 


GA 


Oaboo 


LV 


Latvia 


sz 


Swazifatnd 


AZ 


Aarbaijin 


GB 


Untied Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


OB 


Oeoigia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baifaados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tapkistan 


BE 


Betgion 


GN 


Guinea 


MK 


The fotTDCT Yi^lav 


TM 


'nnkiDcnistan 


BF 


BinlriaiFiso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


HuQgaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


Bf 


Benin 


IE 


Ireland 


MN 


Mongolia 


VA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Bebnu 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central AfHcao RepuMlc 


JP 


Jqian 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Swidicrlind 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


cote d'lvoire 


KP 


Democratic People's 


HZ 


New Zealand 






CM 


Cantefoon 




Rqmblic of Korea 


PL 


Polmd 






CN 


Qiina 


KR 


Republk of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakaua 


R 


Romania 






cz 


Czech Republic 


LC 


Saim Lucia 


RU 


Ruutan Federation 






D£ 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Dennuilt 


LK 


SrlLaoIca 


SB 


Sweden 






EB 


Estonia 


LR 


Liberia 


SG 


Sing^pDie 







HIERARCHICAL ADDRESS TRANSLATION SYSTEM 
FOR A NETWORK SWITCH 



Background of the Invention 
Field of the Invention 
The present invention relates to a switch for routing 
data transmissions between stations of a network, and in 
particular to a network switch having a hierarchical address 
translation system for mapping each network station's address 
to a switch port servicing the station. 



Description of Related Art 
-Computer networks transfer data between conputers or 
other types of network stations. For exanple lOBASE-T 
Ethernet systems use sets of twisted pair conductors in a star 
network topology to connect network stations to a central hub, 
A lOBASE-T hub is sinply a repeater receiving a data packet 
from any one station and concurrently rebroadcasting it to all 
other stations. A header in the data packet indicates the 
intended destination station for the packet and each network 
station looks at the packet header to determine if it should 
the accept or ignore an incoming packet. However in a network 
interconnected through a network hub a transmission from any 
one station blocks transmissions from all other stations. 
Thus only one network station can transmit a packet at any 
given time. Also every network station must examine every 
packet transmitted on the network even though much of the 
traffic may be directed to other stations. 

A network switch, unlike a network hub, may route a data 
packets only to destination stations coxmected to particular 
switch ports so that each network station may receive only the 
packet traffic directed to it. A network switch includes a 
switching mechanism such as a crosspoint switch for 
selectively routing each incoming packet from an input port to 
an appropriate output port. The input port determines the 
destination output port from the routing data included in the 
packet header and then requests a connection between the input 
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port and the destination output port. When the connection is 
established, the input port sends the packet to the output 
port via the crosspoint switch. 

A packet arriving at a switch port contains the network 
5 address of the station to which it is directed and the switch 
must relate that station's address to the switch output port 
to which the station is connected before the packet can be 
forwarded. The process of relating a network address of a 
destination station to the switch port is problematic. In a 

10 typical prior art system, as illustrated in U.S. Patent No. 
5,412,648 issued May 2, 1995 to Ruixue Fan, each input port 
stores an incoming packet, extracts the destination address 
from the packet's header and then forwards it to a central 
address translation unit. The address translation unit, which 

15 maintains a look-up tcible relating network addresses to switch 
output ports, returns the output port identification (ID) to 
the input port. The input port then requests a connection 
through the switch to the indicated output port and forwards 
the packet to that output port. Each input port must compete 

20 with other input ports for access to the central address 

translation unit and as packet traffic increases so too do 
delays in obtaining address translations. 

What is needed is a network switch in which input ports 
can rapidly translate network address into port IDs with 

25 minimal delay due to competition for central address 
translation services. 



30 routes data transmissions between uniquely addressed network 
stations connected to input and output ports of the switch. 
The switch includes a hierarchical address trcuislation system 
for relating network addresses of stations to receive incoming 
transmission to the switch ports to which they are connected. 

35* The translation system includes a central translation unit 
having a memory for storing a mapping entry for each network 
station, the entry mapping the station's network address to 



Summary of the Invention 
A network switch in accordance with the present invention 



its switch port. The system also includes a local translation 
unit in each input port. Each local translation unit contains 
a local cache memory for storing a smaller subset of the 
mapping entries stored by the central translation unit, when 
a data transmission arrives at an input port directed to a 
network address, the input port looks for an entry in its 
cache memory mapping that network address to an output port. 
Upon finding such an entry in its cache memory, the input port 
directs the incoming data transmission to that output port. 
When not finding such an entry in its cache memory, the input 
port obtains a copy of the appropriate mapping entry from the 
central translation unit, stores it as a new mapping entry in 
its cache memory and then directs the data transmission the 
output port identified by the new mapping entry. The new 
mapping entry replaces a least recently used existing entry. 

Since a network station is typically more likely to send 
a next data transmission to one of the network stations to 
which it most recently transmitted data, the local translation 
unit in each input port significantly reduces competition for 
access to the central address translation unit and therefor 
improves system throughput, particularly during times of heavy 
network traffic. 

It is accordingly an object of the present invention to 
provide a network switch for quickly routing data 
transmissions between network stations with minimal address 
translation delay. 

The concluding portion of this specification particularly 
points out and distinctly claims the subject matter of the 
present invention. However those skilled in the art will best 
understand both the organization and method of operation of 
the invention, together with further advantages and objects 
thereof, by reading the remaining portions of the 
specification in view of the accompanying drawing (s) wherein 
like reference characters refer to like elements. 
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Brief Description of the Drawing (s) 



FIG. 1 illustrates a local area network switch in 
accordance with the present invention for routing serial data 
packets between up to 24 network stations; 
5 FIG. 2 illustrates a typical input port of FIG. 1 in more 

detailed block diagram form; 

FIG. 3 illustrates a typical output port of FIG. 2 in 
more detailed block diagram form; 

FIG. 4 is a state diagram illustrating an operation of 
10 the output port controller of FIG. 3; 

FIG. 5 illustrates in block diagram form the hierarchical 
address translation system in accordance with the present 
invention; 

FIG. 6 illustrates in block diagram form a typical 
15 address cache unit of the local address translation unit of 
FIG, 1, 

FIG. 7-10 are flow charts illustrating operation of the 
state machine of FIG. 5; 

FIG. 11 is a flow chart illustrating an interrupt routine 
20 executed by the central translation unit of FIG. 5; and 

FIG. 12 is a block diagram of an arbitration system 
employed by the network switch of FIG. 1. 

Description of the Preferred Embodiment ( s ) 
25 FIG. 1 illustrates a local area network (LAN) switch 10 

in accordance with the present invention for routing data 
transmissions between a set of network stations (not shown) . 
Network switch 10 includes a set of input ports RP0-RP23, each 
receiving incoming packets arriving from one or more network 
30 stations on a corresponding one of input buses RX0-RX23 . 
Network switch 10 also includes a set of output ports 
TP0-TP23/ each forwarding data packets outward on a 
corresponding one of output buses TX0-TX23 to one or more 
network stations. Each input port RP0-RP23 is connected to a 
35* crosspoint switch 12 via a corresponding one of switch input 
lines V0-V23 and each output port is connected to switch 12 
via a corresponding one of switch output lines H0-H23 . 



Switch 12 routes each data packet arriving from an input port 
via one of input lines V0-V23 to the appropriate output port 
via one of switch output lines H0-H23 . 



Packet Routing 

A data packet arriving at any input port RP0-RP23 via one 
of input buses RX0-RX23 includes network address of the 
destination network station to receive the packet. When a 
packet arrives at one of input ports RP0-RP23 the input port 
stores the packet and reads the destination address from the 
packet. Using a hierarchical address translation system 
described herein below, the input port converts the 
destination address into -the identification (ID) of the output 
port TP0-TP23 serving the destination station. The input port 
sends the output port ID to an arbitration controller 22 via a 
bus (GLOBAL) to request a connection through switch 12 to the 
output port. The arbitration controller 22 also communicates 
with the output ports via the GLOBAL bus to determine when 
each output port is idle, not currently receiving a data 
packet from any other ii^ut port via switch 12. When the 
requested output port becomes idle, the arbitration controller 
22 establishes the requested connection through switch 12 and 
signals the requesting ir^ut port that it may begin 
transmitting the packet to the output port via switch 12. As 
the output port receives the data packet, it stores it in a 
buffer memory and later forwards the packet to the destination 
network station via one of output buses TX0-TX23 

Crosspoint Switch 

Crosspoint switch 12 includes the set of 24 "vertical" 
input lines (conductors) V0-V23, each connected to a 
corresponding one of input ports RP0-RP23 and the set of 24 
"horizontal- output lines H0-H23, each connected to a 
corresponding one of output ports TP0-TP23 . An array of CMOS 
pass transistors 20 each have source and drain terminals 
connected to one of horizontal lines H0-H23 and to one of 
vertical lines V0-V23 . A random access memory (Ram) 14 stores 




24 24-bit words and supplies a separate control signal CONT tc 
the gate of each transistor 20. When a CONT signal is 
asserted, it turns on a pass transistor 20, thereby 
establishing a signal path between one of vertical lines 
5 V0-V23 and one of horizontal lines H0-H23. The state of each 
CONT signal supplied to a transistor 20 of the Jth row of 
transistors 20 is determined by a corresponding bit of a Jth 
data word stored in RAM 14. The arbitration controller 22 
grants connection requests from the input ports RP0-RP23 by 
10 writing data to RAM 14, thereby making an breaking signal 
routing paths through switch 12. 

Input Port* 

FIG. 2 illustrates input port RPO of FIG. 2 in more 
15 detailed block diagram form. Input ports RP1-RP23 are 

similar. A network station transmits a data packet to input 
port RPO in serial form via bus RXO using Ethernet lOBASE-T 
protocol. Hie data packet, formatted as a standard Ethernet 
protocol data unit, is of variable length and includes the 
20 fields illustrated in Table I: 



TABLE I 



Field 


Field Length 


E^rpose 


PREAMBLE 


7 bytes 


Used for synchronizing 


START 


1 byte 


Start of frame delimiter 


DEST 


6 bytes 


Destination Network address 


SOURCE 


6 bytes 


Source Network address 


TYPE/LEN 


2 bytes 


Type or length of data field 


DATA 


46-1500 bytes 


Data field 


CRC 


4 bytes 


Frame check field 



The PREAMBLE and START fields are fixed data patterns 
that are the same for all packets. The DEST field indicates 
the network address of the station to receive the packet or 
- indicates the network address. The SOURCE field indicates the 
35 network address of the station that transmitted the packet. 

The TYPE/LEN fields may indicate either the packet type or the 



length of the DATA field, depending on the protocol being 
employed. The DATA field holds the packet payload data and 
may be from 46 to 1500 bytes long. The CRC field is a frame 
check field used by the receiving station to determine whethe. 
the packet has been corrupted in transmission. 

Referring to FIG. 2, a convention lOBASE-T network 
interface circuit 30 receives the incoming packet arriving on 
input bus RXO. A carrier signal conveyed on the bus indicates 
the beginning and end of packet transmission. As each bit of 
a data packet arrives, the network interface circuit 30 pulses 
a LOAD signal to store the bit in a 4-bit serial-in/parallel 
out shift register 31. When the first 4-bit "nibble" (half 
byte) of the data packet following the preamble has been 
loaded into register 31. interface circuit 30 asserts a 
shift-in (SI) signal to a first-in/first-out (FIFO) buffer 32, 
causing the FIFO buffer to store the nibble. Interface 
circuit 30 continues to load each successive nibble of the 
data packet into buffer 32. 

When the longest stored nibble in FIFO buffer 32 is the 
first nibble of a data packet following the preamble, network 
interface circuit 30 transmits a START signal to a buffer 
controller 34. Buffer controller 34 controls the storage of 
data packets in a random access memory (RAM) 36. On receipt 
of the START signal, buffer controller 34 begins pulsing a 
shift-out signal (SO), each pulse causing FIFO buffer 32 to 
shift a 4-bit data nibble out to RAM 36 via a 4-bit data bus 
61. RAM 36, controlled by address and read/write control 
signals generated by buffer controller 34, stores the packet 
data nibbles at sequential addresses. Network interface 
circuit 30 counts each packet nibble loaded into FIFO buffer 
32 and also counts pulses of the SO signal produced by buffer 
controller 34 to determine how many nibbles of the controller 
34 has stored in RAM 36. After interface circuit 30 shifts 
the last nibble of a packet into FIFO buffer 32, it continues 
to count the number of nibbles the buffer controller 34 shifts 
out of buffer 32 and sends an END signal to controller 34 tc 
tell it that it has acquired the last nibble of the packet. 
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Buffer controller 34 also counts nibbles of incoming packet 
data as they are stored in RAM 36. After receiving the ECJD 
signal from network interface 30, controller 34 stores its 
count in RAM 3 6 as a LENGTH field in a header portion of the 
5 packet . When the packet is later forwarded to an output 

buffer, the output buffer determines the length of the packet 
from the LENGTH field. 

As it loads packet data into RAM 36, buffer controller 34 
determines from its nibble count when the data packet's source 

10 and destination fields (SOURCE, DEST) appear in FIFO buffer 
32. At that point buffer controller 34 generates a translate 
signal (TRANS) pulse causing a local address translation unit 
44 to acquire the SOURCE and DEST data. As described in more 
detail herein below, the local translation unit 44 converts 

15 the DEST field identifying the packet's destination station to 
a port ID of the output port to which the destination station 
is connected. Translation unit 44 then delivers the 
destination output port's ID (PORT_ID) to a FIFO buffer 45. 
Translation unit 44 uses the incoming SOURCE field to update 

20 entries mapping the network address identified by the SOURCE 
field to output port TPO . 

The longest stored PORT_ID in FIFO buffer 45 is supplied 
to an arbitration unit 46. FIFO buffer 45 supplies cin EMPTY 
signal to a request transmit state machine 50 when FIFO buffer 

25 45 is empty and de-asserts the EMPTY signal when it stores a 
port ID. State machine 50 controls the flow of data outward 
from input port RPO on conductor VO to switch 12 of FIG. 1. 
When state machine 50 detects FIFO buffer 45 is not enpty, and 
port TPO is not currently forwarding a packet via line VO, 

30 state machine 50 pulses a request signal REQ supplied to 

arbitration unit 46. Arbitration unit 46 then acquires the 
longest stored PORT_ID output from FIFO buffer 45. Later, 
when arbitration controller 22 (FIG. 1) polls input port RFC 
via the GLOBAL bus to determine if input port TPO has a 

35_ pending connection request, controller 22 acquires the PORT_ID 
from arbitration unit 46. When controller 22 thereafter 
grants the request, it signals arbitration unit circuit 46 
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(FIG. 2) to supply a GRANTED pulse to state machine 50. State 
machine 50 then pulses a NEXT_PACKET signal supplied to buffer 
controller 34 telling controller 34 it may begin forwarding 
another packet stored in RAM 36 outward on the VO line. 

To forward a packet from RAM 36, buffer controller 34 
first switches a multiplexer 60 to receive a hardwired 5-bit 
code "J" and then shifts the "J" code output of multiplexer 6C 
into a FIFO buffer 62. Controller 34 then switches 
multiplexer 60 to select a hardwired "K" code and shifts the 
"K" code output of multiplexer 60 into FIFO buffer 62. (As 
explained below, the J-K code sequence marks the beginning of 
a data packet transmission on output line VO . ) Thereafter, 
controller 34 switches multiplexer 60 to -select the 5-bit data 
output of an encoder circuit 58 which converts the 4-bit data 
appearing on data input/output bus 61 of RAM 36 to 5-bit 
"4B5B- encoded form (described below) . Controller 34 then 
begins sequentially reading 4-bit nibbles of the data packet 
out of RAM 36. As encoder 58 converts the nibbles to 5-bit 
4B5B encoded form, multiplexer 60 passes the 5-bit result to a 
FIFO buffer 62. Controller 34 strobes a shift in (SI) signal 
causing FIFO buffer 62 to load the 5-bit data values. FIFO 
buffer 62 produces a FULL signal telling controller 34 when 
the buffer is full. The longest stored nibble in FIFO buffer 
62 is delivered to a shift register 56. When FIFO buffer 62 
is not empty, state machine 50 signals shift register 56 to 
shift in the 5-bit value from buffer 65. and then signals it 
to shift it out in serial form onto switch input line VO to 
switch 12 of FIG. 1. Switch 12 routes the data to the 
appropriate output port. 

As buffer controller 34 forwards the packet data out of 
RAM 36 to FIFO buffer 62 it counts the nibbles sent and 
compares the count to the known length of the packet stored in 
the packet header. After it forwards the last nibble of the 
packet through encoder 58 to FIFO buffer 62, controller 34 
switches multiplexer 60 to select and forward to FIFO buffer 
62 a 5-bit hardwired "T" code. This T code, which marks the 
end of the packet, passes through in FIFO buffer 62 and shift 
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register 56 and travels outward on line VO at the end of the 
data packet. When the last bit of nibble of a packet departs 
FIFO buffer 62, buffer 62 signals state machine 50 that it is 
empty. State machine 50 then initiates another connection 
request if FIFO buffer 45 is not eirpty, and waits for another 
GRANTED signal pulse indicating that a next connection request 
has been established. It then signals controller 34 with a 
NEXT„PACKET signal pulse indicating that it may forward the 
next packet stored in RAM 36. 

4B5B Encoding 

Data packets are encoded before being transmitted on 
output line VO to enable the 'output ports to determine when 
the data packets begin and end. Consistent with the ANSI 
standard X379(FDDI) MBSB" encoding system, encoder 54 
converts each incoming 4-bit nibble into a 5-bit output value 
as illustrated in Table II. 
TABLE II 



35 



NIBBLE 


4B5B 


0000 


11110 


0001 


01001 


0010 


10100 


0011 


10101 


0100 


01010 


0101 


01011 


0110 


OHIO 


0111 


01111 


1000 


10010 


1001 


10011 


1010 


10110 


1011 


10111 


1100 


11010 


1101 


11011 


1110 


11100 


1111 


11101 



11 



10 



15 



20 



25 



Since only 16 of the 32 possible combinations of the five 
bits of a 4B5B code are needed to represent the sixteen 
possible values of a 4-bit nibble, the remaining 16 
combinations of 4B5B code are available for other purposes. 
Table III below lists how the network switch of the present 
invention uses the remaining 16 4B5B codes. 

TABLE III 



4B5B 


NAME 


FUNCTION 


00000 


Q 


No Operation 


11111 


I 


Idle 


00100 


H 


No Operation 


11000 


J 


Packet Start 1 


10001 


K 


Packet Start 2 


01101 


T 


End of Packet 


00111 


R 


No Operation 


11001 


S 


No Operation 


00001 


V 


Violation 


00011 


V 


Violation 


00010 


V 


Violation 


00101 


V 


Violation 


00110 


V 


Violation 


01000 


V 


Violation 


01100 


V 


Violation 


10000 


CR 


Con. Reg, Start 



30 



The Q, H, R and S codes are ignored when they appear in a 
4B5B encoded data stream. The T code indicates the end of a 
4B5B encoded data packet. The I, J, K and V codes are used 
to synchronize transmission and receipt of 4B5B encoded data 
streams in the manner described below. 



35 



Output Port 

FIG. 3 illustrates output port TPO of PIG. 1 in more 
detailed block diagram form. Output ports TP1-TP23 are 
similar. Output port TPO includes a 10-bit serial-in. 
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parallel-out shift register 70 clocked by the system clock 
signal CLK for receiving and storing data bits arriving on the 
HO line. A set of decoders 72 signal an output port 
controller 73 when the five data bits stored longest in shift 
5 register 70 represent the I,V, or T codes of Table II above or 
when all ten bits in shift register 70 represent the J and K 
codes in succession. A 4B5B decoder 74 converts the longest 
stored 5-bit value into the corresponding 4- bit nibble and 
passes it to the input of a FIFO buffer 76. 

10 FIG. 4 is state diagram illustrating a synchronization 

process carried out by input controller 73 of FIG. 4. Input 
controller 73 begins in an "out-of-synchronization" state 81. 
' Controller 73 remains in state 81 until decoders 72 detect the 
I (idle) signal. At that point controller 73 moves to a "pre- 

15 synchronization" state 82. When decoders 72 signal detection 
of successive J and K symbols (indicating start of a data 
packet) controller 74 waits 10 cycles of the CLK signal to 
clear the J and K symbols from shift register 70 and then 
switches to a SYNC state 84 wherein it asserts an SI signal on 

20 every 5th pulse of the system clock signal to load each nibble 
of the incoming packet into FIFO buffer 76. If decoders 72 
detect the T code indicating end of packet, controller 73 
shifts to a state 83 where it pulses an IDLE signal supplied 
to an arbitration unit 75 and then returns to state 84. If 

25 decoders 72 detect the V code controller 73 reverts to the 
out -of-" synchronization state 81. 

Referring again to FIG. 3, when FIFO buffer 76 signals it 
is not enpty, controller 73 shifts data out of FIFO buffer 76 
onto a 4-bit data input /output bus of a random access memory 

30 (RAM) 78. Controller 73 then supplies address and control 
signals to RAM 78 causing it to store the 4-bit nibble. 
Controller 73 uses RAM 78 as a FIFO buffer for assembling and 
storing successively received data packets until they can be 
transmitted outward to the destination station. Controller 73 

35-" reads the length field in the packet header as it arrives in 
RAM 78 to determine the length of the packet and counts of 
packet bytes receiv d and stored in RAM 78 to determine when 
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the packet is fully assembled in RAM 78. When the packet is 
fully loaded into RAM 78 controller 73 signals a network 
interface controller 90. 

Controller 90 controls transmission of data packets 
outward to the destination station on bus TXO. When 
controller 90 is ready to forward a packet stored in RAM 78 it 
switches a multiplexer 92 to select the output of a pattern 
generator 94 and signals generator 94 to produce a sequence of 
4-bit nibbles forming standard Ethernet protocol PREAMBLE and 
START data packet fields. Multiplexer 92 passes each nibble 
to a parallel- in/serial-out shift register 96 controlled by 
controller 90. Shift register 96 passes the data in serial 
form to a conventional Ethernet interface circuit 98 which 
forwards the data outward on the TXO bus to the destination 
15 network station. After the PREAMBLE and START fields have 
been forwarded through multiplexer 92, controller 90 signals 
controller 73 to begin sequentially reading 4-bit packet data 
out of RAM 78 and passing them through multiplexer 92 and 
shift register 96 to interface circuit 98 for transmission to 
20 the destination station. When controller 73 has read out the 
last nibble of a packet, it signals controller 90. 

An arbitration unit 75 communicates with the arbitration 
controller 22 of FIG. 1 via the GLOBAL bus. Arbitration unit 
75 receives an IDLE signal pulse when decoders 72 detect the 
25 "T" code indicating receipt of the end of a packet. As 

described in more detail below, when arbitration unit 75 is 
later polled by arbitration controller 22 of FIG. 1, it 
signals the arbitration controller that output port TPO has 
become idle and is no longer receiving a packet on line HO . 

30 

Hierarchical Address Translation System 

Referring to FIG. 5 the local translation unit 44 of eacl-- 
input port forms a part of a hierarchical address translation 
system 99 for mapping 6-byte network station addresses to 
5 * 5-bit IDs of the switch ports to which the stations are 
connected. The hierarchical address translation system 99 
includes a central translation unit 26 having a memory for 




storing a. mapping entry for each network station, the entry 
mapping the station's network address to its switch port. The 
system also includes the local translation unit 44 in each 
input port connected to the central translation unit through a 
5 common bus (MAPPING) . For siinplicity only one address 

translation unit 44 is shown in FIG. 3 but there are actually 
23 other such translation units connected to the MAPPING bus, 
one for each input port RP1-RP23 of FIG. 1. 

Each local translation unit 44 includes a local cache 

10 memory 101 (formed by a set of cache units 100) for storing a 
smaller subset of the mapping entries stored by the central 
translation unit 26. When incoming packet's destination 
address is supplied to translation unit 44, it' looks for a 
cache memory entry mapping the destination address to an 

15 output port. Upon finding such an entry in its cache memory, 
the local translation xinit 44 places the output port ID on the 
PORT_ID lines to FIFO buffer 45 of FIG. 2 and pulses an output 
SI line to shift the port ID in to the FIFO buffer. When 
translation unit 44 does not find an entry in its cache memory 

20 mapping the incoming destination address, it obtains a copy of 
the appropriate mapping entry from central translation unit 26 
via the GLOBAIi bus and stores the copy as a new mapping entry 
in its cache memory 101. The new mapping entry replaces a 
least recently used existing entry. The local translation 

25 unit 44 then places the output port ID on the PORT_ID lines to 
FIFO buffer 45 of FIG. 2 and pulses its output SI line to 
shift the port ID in to the FIFO buffer. 

Since a network station is typically more likely to send 
a next data transmission to one of the network stations to 

30 which it most recently transmitted data, the local translation 
unit 44 will often find an appropriate mapping entry in its 
local cache unit and will not often need to obtain mapping 
data from the central translation unit. The hierarchical 
address translation system of the present invention 

35"* significantly reduces contp tition for access to the central 
address translation unit 26 and therefore irtproves system 
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througl^jut, particularly during times of heavy network 
traffic . 

Mapping Entry Creation 
5 Input and output ports serving the same network station 

have the same port ID. As mentioned above, each incoming data 
packet also includes a SOURCE field conveying the network 
address of the station that sent the packet. Translation 
unit 44 uses some of its cache memory space for storing most 
10 recently received SOURCE addresses. When it receives an 
incoming SOURCE address not currently in its cache memory, 
translation unit 44 replaces a least used entry with the 
incoming SOURCE address. The translation unit 44 also sends 
the new SOURCE address and its own input port's ID to the 
15 central address translation unit 26 via the MAPPING bus. The 
central address translation unit 26 creates a mapping entry 
relating the SOURCE address to acconpanying port ID. 
Thereafter the switch will route all incoming packets directed 
to that network address to the output port identified by the 
20 new mapping entry. For example, whenever a new network 

station logs onto the network or changes its network address, 
it may send a packet to itself in order to establish a mapping 
entry for itself. Upon receiving an incoming SOURCE address 
currently stored in its cache memory, translation unit 44 does 
25 not forward the SOURCE address to the central translation unit 
26 since presence of the SOURCE address in the local cache 
memory indicates that central translation unit 26 has already 
created a mapping entry, it should be noted that more than 
one network station may be served by a given input/output port 
30 pair. Thus the local cache memory within each local 

translation unit 44 may include more than one SOURCE address 
entry . 

Local Address Translation Unit 
35- The cache memory 101 of local address translation unit 44 

of FIG. 2 includ s a set of 64 cache units 100 (0) -100 (63) . 




Each cache unit 100 holds one mapping entry including data 
listed in Table IV below: 

TABLE IV 



FIELD 


DESCRIPTION 


SIZE 


ADDRESS 


Network Address 


6 bytes 


V 


Valid 


1 bit 


S/D 


Source/Destination 


1 bit 


PORT 


Port ID 


5 bits 



10 The ADDRESS field is the 6 byte SOURCE or DEST address of 

a network station. The V bit indicates whether the entry is 
valid. On system startup the V bit in each entry is set to a 
logical "0" to indicate the entry is invalid. As valid data 
is loaded into a cache unit, it V bit is set to a "1", The 

15 S/D bit indicates whether the entry was created for a source 
or destination network address. When the cache unit contains 
a destination address in the ADDRESS field, the 5-bit port 
field contains the ID of the output port to which the station 
identified by the ADDRESS field is connected. The PORT field 

20 is not used when the cache unit stores a source in the ADDRESS 
field. 

Let us first assume that no cache unit 100 contains a 
valid source or destination ADDRESS entry matching an incoming 
SOURCE or DEST address. A TRANS signal pulse from controller 

25 34 of FIG. 2 loads the SOURCE and DEST addresses of the 

incoming packet into a FIFO buffer 102 within unit 44. FIFO 
buffer 102 signals state machine 104 that it contains SOURCE 
and DEST addresses. State machine 104 responds by signaling a 
multiplexer 106 to deliver the SOURCE address to each cache 

30 unit 100. State machine 104 also sends a Tl signal pulse to 
each cache unit 100. 

In response to the Tl signal pulse, each cache unit 100 
having a valid source entry compares the incoming SOURCE 
- address to its stored ADDRESS field. If a cache unit 100 

35 storing a source address notes a match between the incoming 
SOURCE address and its stored source address, the cache unit 
briefly asserts (pulls down) a HIT line input to state machine 

SUBSTTTUTE SHEET {RULE 26) 
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104. A HIT line pulse tells state machine 104 that the 
central translation unit 26 has already mapped the source 
address to a port ID. Since in this case, no cache unit 100 
stores a valid source address matching the incoming SOURCE 
5 address, no xonit 100 pulses the HIT line. 

State machine 104, having detected no HIT line pulse in 
response to its output Tl signal pulse, pulses an iNT signal 
which loads the SOURCE address output of multiplexer 106 into 
a FIFO buffer 108. The FIFO buffer 108 also stores the ID of 
10 the input port (PORT) and an S/D bit from state machine 104 
indicating that the address being loaded into FIFO buffer 108 
is a source address. When not enpty, FIFO buffer 108 signals 
. a bus interface circuit 110 to send an interrupt to central 
translation irnit 26 via the MAPPING bus. The central 
15 translation xmit 26 thereafter reads the data out of FIFO 
buffer 108 and creates a mapping entry relating the shifted 
out SOURCE address and port ID. 

After having loaded the SOURCE data into FIFO buffer 108 
to be forward to the central translation unit 26, state 
20 machine 104 initiates a "token passing cycle" to create a new 
entry for the incoming SOURCE field in the least used cache 
unit 100. Each cache unit 100 counts the nuiriber of Tl signals 
pulses received and resets its own count whenever it pulses 
the HIT line. Thus the cache unit 100 with the highest count 
25 is the "least recently used" cache unit. The cache units 100 
and state machine 104 are connected to form a "token passing 
ring" in which state machine 104 sends a TOKEN signal pulse to 
first cache unit 100(0), the Nth cache unit 100 (N) passes a 
received TOKEN signal pulse ("passes the token") to cache unit 
30 N+1, and the last cache unit 100(63) passes the token back to 
state machine 104. Each cache unit 100 IN) is also connected 
to the next cache unit 100 (N+1) via a set of lines CNT 
conveying a count to the next cache unit. Each cache unit 
100 (N) has a unique ID and is also connected to the next 
35 - cache unit 100 (N+1) by another set of lines CID for conveying 
a cache unit ID to the next cache unit. 
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After storing the SOURCE address in FIFO buffer 108, 
state machine 104 passes the token (pulses its output TOKEN 
signal) to first cache unit 100(0). When the first cache unit 
100(0) receives the token from state machine 104, it transmits 
its count and its ID ntimber to the second cache \init 100(1) 
and then passes the token to second cache unit 100(1) . When 
the second cache unit 100(1) receives the token from the first 
cache unit 100(0), it compares its own count to the incoming 
count from the first cache unit 100(0). If the second cache 
xinit's count is smaller than the first cache unit's count, the 
second cache unit forwards the first cache unit's cotint and ID 
with the token to the third cache unit 100(3) . On the other 
hand, if the second cache unit's count is greater than or 
equal to the first cache unit's count, the second cache unit 
forwards its own count and ID with the token to the third 
cache \init 100(3) . 

Each subsequent cache unit 100 (N) behaves in a similar 
manner, passing the token with the count and ID received from 
the preceding unit to a next unit 100 (N+1) when the co;int 
received from unit 100 (N-1) is larger than its own, and 
passing the token to the next unit 100 (N+1) with its own coimt 
and ID when the count received from unit 100 (N-1) is smaller 
than or equal to its own. The last cache unit 100(63) 
delivers the ID of the cache unit having the largest coxint 
5 (i.e. containing the least recently used mapping entry) to a 
decoder 112 and passes the token back to state machine 104 . 

Decoder 112 has 64 outputs L0-L63, each coupled to a 
corresponding one of cache units 100(0)^100(63) through a set 
of tristate buffers 114. Decoder 112 asserts one of its 
0 outputs L0-L63 corresponding to the cache unit identified by 
the cache ID (CID) output of cache unit 100(63). State 
machine 104 responds to the return of the token by briefly 
turning on buffers 114, one of which thereby delivering a 
pulse on the L0-L63 signal to the cache unit 100 containing 
5- the least used entry. An L0-L63 pulse tells the receiving 
cache unit 100 to replace its current ADDRESS field with the 
current SOURCE address output of multiplexer 106, to set its V 



10 



y^0^97nm^™'^^^'f^^'^^ PCT/US97/042S8 

19 

field to indicate the entry is valid, and to set its S/D field 
to indicate the entry is a source address. 

Th. new SOURCE entry having thus replaced the least 
recently used entry of one of cache units 100, sequencer 106 
switches multiplexer 106 to pass the DEST field stored in FIFO 
buffer 102 to the cache units 100 and pulses a T2 signal 
supplied to all cache units to initiate a destination address 
translation cycle. Any cache unit 100 storing a destination 
address field matching the DEST address pulses the hit line. 
Since, in this case, no cache unit 100 contains a valid 
destination address matching the incoming DEST address, no 
cache unit 100 pulses the HIT line. State machine 104, 
detecting HIT line response to its T2 signal pulse, knows that 
cache units 100 can't translate the DEST field. At this 
15 point, state machine 104 again pulses the INT signal, this 

time causing FIFO buffer 108 to store the DEST address output 
of multiplexer 106 in FIFO buffer 108 along with the input 
port ID and the S/D bit from sequencer 104 indicating a 
destination address translation is requested. State machine 
104 also sends a pulse to a counter 117 which keeps track of 
the number of pending DEST address translations. The pulse 
tells counter 117 to increase its count by 1. State machine 
104, having sent the DEST address to the central translation 
unit 26 now sends a shift out pulse to FIFO buffer 102 to 
25 signal FIFO buffer 102 to supply a next stored SOURCE/DEST 
address pair, if any, to multiplexer 106. state machine 104 
then starts a new address translation cycle. If pipo buffer 
102 is empty, state machine 104 waits until new data arrives 
in FIFO buffer 102 before initiating another address 
30 translation cycle. 

When the central translation unit 26 thereafter reads the 
data out of FIFO buffer 108, it translates the DEST field into 
a corresponding output port ID and then sends the DEST field, 
the S/D bit and the output port ID back to bus interface 
35 -circuit 110 via the MAPPING bus. Interface circuit 110 stores 
the returned data in another FIFO buffer 116. fifo buffer 11c 
thereafter signals state machine 104 that it is not empty. 
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State machine 104 responds by again passing the token to the 
first cache unit 100(0). The cache units 100 thereafter 
operate as described herein above to deliver a cash unit ID 
(CID) to decoder 112, the ID identifying the cache unit 
containing the least recently used mapping entry. When the 
token returns to state machine 104, state machine 104 again 
momentarily turns on buffers 114 to pulse one of line L0-L63 . 
This causes the cache unit 100 containing the least recently 
used mapping entry to replace it with the mapping data stored 
in FIFO buffer 116, That cache unit also passes the newly 
stored output port ID to the P0RT_ID line and pulls down the 
HIT line. State machine 104 then pulses the SI line to shift 
PORT_ID into FIFO buffer 45 of FIGf 2, sends an SO signal to 
FIFO buffer 116 to shift the old mapping data out of FIFO 
buffer 116, and signals counter 117 to reduce its pending DEST 
address translation count by one. 

We assume now that one cache unit 100 already contains an 
entry storing an ADDRESS field matching the SOURCE address of 
the incoming packet and that another cache xxnit 100 already 
contains a valid entry mapping the DEST address to an output 
port. In response to the TRANS pulse, state machine 104 sends 
a Tl signal pulse to each cache unit 100. In response to the 
Tl signal pulse, the particular cache unit 100 currently 
storing an ADDRESS field matching the incoming SOURCE address 
immediately pulses the HIT line. The HIT line pulse tells 
state machine 104 that the SOURCE address is already mapped biy 
one of the cache units 100 (and by the central translation 
unit 26) and that no further action is required with respect 
to the incoming SOURCE address. 

State machine 104 then switches multiplexer 106 to send 
its DEST address input to all cache units 100 sends a T2 
signal pulse to all cache xinits 100. The cache unit 100 
storing a valid ADDRESS field matching the incoming DEST 
address places its stored PORT field on the PORT_ID lines and 
pulses the KIT line. State machine 104 responds to the HIT 
line pulse by checking cin output signal of counter 117 
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asserted when the number of pending address translations is 
greater than 0 . 

Trcunslation unit 44 must produce output port ID's on the 
PORT_ID lines in the same order as it is presented with 
5 corresponding DEST addresses. Therefore state machine 104 
delays sending out a port ID provided by one of cache units 
100 in response to the current incoming DEST field until all 
pending DEST translations have been processed and the 
resulting port IDs forwarded to FIFO buffer 45 of FIG, 2. if 

10 the output signal of counter 117 indicates that there are no 
pending DEST address translations, state machine 104 responds 
to the HIT signal by pulsing the SI line to shift the port ID 
currently on the P<»T_ID lines into FIFO buffer 45 of FIG. 2. 
It then shifts the old SOURCE/DEST data out of FIFO buffer 102 

15 and awaits arrival of another SOURCE/DEST address pair in FIFO 
buffer 102. 

However, if the output signal of counter 117 indicates 
that there are pending DEST address translations, state 
machine 104 does not pulse the SI after a cache unit 100 

20 places a destination port ID on the P0RT_ID lines and pulses 
the HIT signal. Instead, state machine 104 turns off its T2 
signal output and continues to process the pending DEST 
address translations as they arrive in FIFO buffer 116 by 
storing mapping entries in cache memoary and sending the 

25 arriving destination port IDs outward on the PORT_ID lines. 

When the output of counter 117 indicates that all pending DEST 
address translations have been processed, with multiplexer 106 
still passing the DEST address to the cache units 100, state 
machine 104 again pulses the T2 signal. If the cache unit IOC 

30 still maps the DEST address to a port ID, it again places the 
port ID on the PORT_ID lines and asserts the HIT signal. 
State machine 104 responds by pulsing the SI line to shift the 
port ID on the P0RT_ID lines into FIFO buffer 45 of FIG. 2, 
shifting the last processed SOURCE and DEST address out of 

35 * FIFO buffer 106, and initiating a new translation process if 
FIFO buffer 102 is not empty. If a cache unit 100 no longer 
maps the incoming DEST address to a port ID, the hit line is 
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not asserted and state machine 104 instead sends the DEST 
address to the central translation xinit 26 in the manner 
described herein above . 

5 Locking 

A system manager accessing central translation unit 26 
via an I/O port 129 may command the central translation unit 
26 to directly write mapping entries into each cache unit 100. 
The system manager can also request the central translation 

10 unit to write data to a lock register 120. A decoder 122 

decodes the data in lock register 120 to produce a separate 
LOCK signal input to each cache unit 100. A LOCK signal tells 
the receiving cache unit 100 that it is not to replace its 
stored translation data even the cache unit may be storing the 

15 least recently used entry. Thus when the LOCK signal input to 
any cache unit 100 is asserted during a token passing cycle, 
that cache unit passes the count and ID of the preceding cache 
vinit rather than its own, even if its own count is larger • 
Thus a system manager can write trauaslation data in one or 

20 more cache units cmd then lock the data into those cache units 
so that it may not thereafter replaced even when it is the 
least recently used translation data. 

Central Translation Unit 

25 Central translation unit 26 enploys conventional 

microcomputer architecture including a random access memory 
124 storing mapping entries, a microprocessor 126 for 
executing program instructions stored in ROM 128 and an I/O 
port 129 for providing an input path for data from the system 

30 manager. A main program routine executed by microprocessor 
126 simply writes data from the system manager into lock 
registers 120 or to registers within cache units 100 at 
register addresses supplied by the system manager. 
Microprocessor 126 handles address translation cind mapping 

35 ^ entry update using an interrupt routine described herein 
below. 
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Cache Unit 

FIG. 6 illustrates a cache unit 100(1) of FIG. 5 in more 
detailed block diagram form. The other cache units 100 are 
similar. Cache unit 100(1) includes a register 130 for 
storing the mapping entry. A conventional interface circuit 
132 commxinicates with bus interface circuit 110 (FIG. 5) , and 
allows the bus interface circuit to directly write access 
register 130. Register interface circuit 132 also receives 
the returned DEST address and port ID from FIFO buffer 116 
(FIG. 5) and stores them in register 130 in response to the 
L0AD_1 signal from buffer 114 (FIG. 5) when the S/D bit is 
sent to indicate a destination address mapping entry is to be 
saved. Register interface circuit 132 also receives the 
SOURCE address from multiplexer 106 (FIG. 5) and stores it in 
register 130 in response to a pulse of the L0AD_1 signal when 
the S/D signal from state machine 104 (FIG. 5) indicates the 
SOURCE address is to be saved. On system startup register 
interface circuit sets a valid bit V in register 130 to a 
logical "O" indicating that the entry is not valid. 
Thereafter, when valid data is loaded into register 130, 
interface circuit 132 sets the V bit to a logical "IV Also 
when interface circuit 132 writes a SOURCE or DEST entry into 
register field it sets the S/D bit to a "0" or a "1" to 
indicate whether register contains a SOURCE or DEST address. 

A comparator 134 asserts an output signal M whenever the 
ADDRESS field in register 130 matches an incoming SOURCE or 
DEST address from multiplexer 106 of FIG. 5. The M signal, 
the Tl and T2 signal pulses from state machine 104 (FIG. 5), 
and the V and S/D bits in register 130 are all supplied to a 
logic circuit 136. Logic circuit 136 produces an output 
signal IM_HIT in accordance with truth TABLE V. 

TABLE V 



35 



V 


S/D 


Tl 


T2 


M 


IH_HIT 


1 


0 


1 


0 


1 


1 


1 


1 


•0 


1 


1 


1 


0 


X 


X 


X 


X 


0 


X 


X 


X 


X 


0 


0 
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In the above table a "1" indicates the signal is 
asserted, a "0" indicates the signal is not asserted and an 
"X" indicates the signal may be either asserted or not 
asserted. When IM_HIT is a logical "1" it turns on a pair of 
5 tristate buffers 138 and 140. Buffer 138 places the PORT ID 
in register 130 on the PORT_ID lines. Buffer 140 pulls dovm 
(asserts) the HIT line. 

Cache unit 100 also includes a counter 142 incremented on 
each pulse of the Tl signal and reset on each pulse of the 

10 IM_HIT signal. Counter 142 keeps track of the number of times 
the ADDRESS stored in register 130 fails to match either the 
incoming SOURCE or DEST field and produces an output count 
MY^COUNT. When MY_COUNT reaches the counter's upper limit, 
the count remains at the upper limit xmtil reset. A 

15 comparator 144 corrpares MY^COUNT to the incoming count CNT 
from the preceding cache unit and produces an output signal 
LRU when CKrr is less than or ecjual to MY_COUNT. The input 
TOKEN signal/ the LRU signal and the LOCK signal (from decoder 
122 FIG. 5) provide inputs to another logic circuit 146. 

20 Logic circuit 146 produces an output signal PASS controlling a 
pair of multiplexers 148 and 150. Multiplexer 148 supplies 
the coxint data to the next cache unit on the CNT lines by 
selecting either the count data on the CNT lines from the 
preceding cache \init or the MY_COUNT out of counter 142. 

25 Multiplexer 150 passes a cache unit ID on the CID lines to the 
next cache unit by selecting either the ID on the CID lines 
from the preceding cache unit or its own hardwired ID (MY_ID) . 
When logic circuit 146 asserts PASS, multiplexers 148 and 150 
pass MY_COUNT and MY_ID. Table VI indicates the logic 

30 performed by logic circuit 146. 
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TABLE VI 



TOKEN LOCK LRU 
(IN) 


TOKEN PASS 
{GUT) 


0 X X 
10 1 
10 0 

1 1 X 


0 0 

1 1 
1 0 
1 0 
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The LRU logic circuit 146 suitably delays pulsing its 
output TOKEN signal so that it does not pass the token before 
multiplexers 148 and 150 have had time to switch in response 
to a change of state of the PASS signal , 



Local Translation Unit State Machine Logic 

FIG. 7 is a flow chart illustrating a main routine 
executed by state machine 104 of FIG. 5. Referring to FiGS. 5 
and 7, beginning at step 160, state machine 104 checks FIFO 
buffer 116 to see if it contains DEST address mapping data 
returned from the central translation unit 26. If FIFO buffer 
116 contains returned destination mapping data, state machine 
104 updates the address translation cafche by writing the 
destination data from FIFO buffer 116 into one of cache units 
100 and sending the returned port ID out on the P0RT_ID line 
(step 162) , (Step 162 is detailed herein below) . State 
machine 104 cycles through steps 160/162 until at step 160 it 
finds FIFO buffer 116 is engpty. It then checks FIFO buffer 
102 to determine if it contains new translation data (step 
164). If not, state machine 104 returns to step 160. If FIFO 
buffer 102 is not empty, state machine 104 processes the new 
SOURCE address in FIFO buffer 102 (step 166) and then 
processes the new DEST address in FIFO buffer 102 (step 168). 
(Steps 166 and 168 are detailed herein below.) After 
processing the new SOURCE and DEST addresses, state machine 
102 transmits a NEXT signal to FIFO buffer 102 to shift out 
the last processed SOURCE and DEST addresses (step 170) and 
then returns to step 160. 

FIG. 8 illustrates the RETURNED DEST siibroutine executed 
at step 162 of PIG. 7 when state machine 104 detects that FIFC 
buffer 116 stores destination mapping data returned by the 
central address translation unit. Referring to FIGs. 5 and 8, 
state machine 104 initially passes the token to cache unit 
100(0) (step 172) and then waits unit cache unit 100(63) 
returns the token (step 174). It then transmits a NEW signal 
pulse to buffers 114 to write the destination address 
translation data in FIFO buffer 116 into the least recently 
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used cache unit 100 (step 176) . The cache unit 100 receiving 
the data places the port ID on the PORT_ID lines. State 
machine 104 pulses the SI signal to write the port ID into 
buffer 45 of FIG. 2 (step 178). State machine 104 then sends 
5 a signal pulse to counter 117 telling it to decrement its 

count by 1 (step 180) and sends a signal pulse to FIFO buffer 
116 telling it to shift out the last processed destination 
address translation data. The subroutine then returns to its 
calling routine. 

10 FIG. 9 illustrates the NEW SOURCE stibroutine called at 

step 166 of the main routine of FIG. 7. Referring to FIGs 5 
and 9, state machine 104 initially sets the S/D bit to "0" to 
cause multiplexer 106 to select the current SOURCE address 
output of FIFO buffer 102 (step 182) and asserts the Tl signal 

15 (step 184) . If one of the cache units 100 contains an entry 
matching the incoming SOURCE address, it asserts the HIT line. 
If state machine 104 detects the HIT line assertion (step 186) 
the subroutine ends. However if no cache unit 100 contains an 
entry matching the SOURCE address, state machine pulses the 

20 INT signal (step 188) to send the SOURCE address mapping data 
into FIFO buffer 108 to be forwarded to the central 
translation unit 26. State machine 190 then passes the token 
to cache unit 100(0) (step 190) and waits until the token 
returns (step 192) . At that point it sends a NEW signal pulse 

25 to buffers 114 causing the cache unit 100 storing the least 
recently used entry to store the new SOURCE address (step 
194). The routine then returns to the main routine. 

FIG. 10 illustrates the NEW BEST subroutine called at 
step 168 of the main routine of FIG. 7. Referring to FIGs 5 

30 and 10, state machine 104 initially sets the S/D bit to a "1" 
causing multiplexer 106 to pass the DEST address output of 
FIFO buffer 102 to the cache units 100 (step 200) . State 
machine 104 then pulses the T2 signal (step 202) and checks 
the HIT line (step 204) . If none of the cache units asserts 

35 '"the HIT line, state machine 104 signals coxinter 117 to 

increase its count by one (step 206) and pulses the INT signal 
to load the DEST address trauislation data into FIFO buffer 108 



to be forwarded to the central translation unit 26. The 
siibroutine then returns to the main routine. However if one 
of the cache xinits asserts the HIT line at step 204, state 
machine 104 checks the output of counter 117 (step 210) . 
State machine 104 then waits until an output signal of FIFO 
buffer 116 indicates the central translation unit has returned 
destination address translation data (step 212) . At that 
point state machine 104 executes the RETURNED DEST subroutine 
of FIG. 8 to write the translation data output of FIFO buffer 
116 into the least recently used cache unit 100 (step 214) 
State machine 104 continues to cycle through steps 210, 212 
and 214 until the count maintained by coxinter 117 reaches 
zero, indicating that all pending destination address 
translations have been written into the cache units 100. At 
that point, state machine 104 pulses the T2 signal (step 216) 
and checks the HIT line again (step 218) . If one of the cache 
xinits still contains an entry matching the incoming DEST 
address from multiplexer 106, the cache unit places the port 
ID on the PORT_ID lines and asserts the HIT line. The HIT 
line assertion tells state machine 104 to pulse the SI signal 
to shift the port ID into buffer 45 of FIG. 2 (step 220). If 
the cache unit 100 previously mapping the incoming DEST 
address no longer does so, the HIT line will not be asserted 
at step 218. Instead state machine 104 executes steps 206 and 
208 to send the DEST field to central translation unit 26. 
The subroutine then returns to the main routine. 

FIG. 11 is a flow chart illustrating an interrupt routine 
executed by the central address translation unit 26 of FIG. 5 
in response to an interrupt signal from any local translation 
unit 44 via the GLOBAL bus. Referring to FIGS. 5 and 11, 
central translation unit 26 initially polls the local 
translation units (step 230) to locate a translation unit 44 
having a non-empty FIFO buffer 108. When a data is found in a 
FIFO buffer 108 (step 231), the central translation unit reads 
"and shifts the translation data out of the FIFO buffer (step 
232) and checks the S/D bit in the data (step 234) . if the 
S/D bit is a logical «0", then the data conveys a SOURCE 
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address and a corresponding port ID. In that case, the 
central translation unit 26 adds a mapping entry to its 
address translation table (step 236) to map the source address 
to its accompanying port ID. If the S/D bit is a logical "1" 
(step 234), the data acquired from the FIFO buffer 108 conveys 
a destination address and the central translation unit 26 
looks up the corresponding output port ID in the appropriate 
mapping entry (step 238) and shifts the destination address, 
the S/D bit, and the port ID into FIFO buffer 116 of the local 
translation unit 44 from which the destination address was 
obtained (step 240) . Thereafter, or after updating the 
mapping entry at step 236, the interrupt routine returns to 
step 230 to again poll the local address translation units to 
determine if any more data is stored in the FIFO buffer 108 of 
any local translation \init 44* The interrupt routine 
continues to read and process such data until all FIFO buffers 
108 are eit^ty. At that point (step 231) the interrupt routine 
ends. 

Arbitration System 

FIG. 12 illustrates in more detailed block diagram form, 
the arbitration controller 22 (FIG. 1), an input port 
arbitration unit 46 (FIG. 2) and an output port arbitration 
unit 75 (FIG. 3), all interconnected by the GLOBAL bus. 
Although only one input port arbitration \init 46 and one 
output port translation unit 75 are shown, there are actually 
24 of each type connected in parallel to the GLOBAL bus. 

Sequencer 22 includes a microprocessor 250 operating 
under control of firmware stored in a ROM 252 and using a RAK 
254 for temporary data storage. Microprocessor 250, ROM 252, 
RAM 254, and I/O interface circuit 256 and all input and 
output ports are linked by the GLOBAL bus. Sequencer 22 
maintains two tables in RAM 254. One table lists pending 
reqpaests from the input ports RP0-RP23 , indicating the input 
"and output ports to be connected. The other table indicates 
which of output ports TP0-TP23 are currently idle. Sequencer 
22 periodically polls the input port arbitration units 44 to 
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determine if any input port have a new connection request and 
polls the output port arbitration units 110 to determine which 
output ports are now idle. 

The input port arbitration unit 46 includes a bus 
interface circuit 270, a register 272 and a flip-flop 274. 
When state machine 50 (FIG. 2) transmits a REQ signal pulse to 
arbitration unit 46 to signal that it has a new connection 
request, the REQ signal loads the ID (PORT_ID) of the 
requested port into register 272 and sets flip-flop 274, 
Later, when arbitration controller 22 polls arbitration unit 
46, it checks the Q output of flip-flop 274 to determine if a 
new request is pending and then resets the flip- flop. If a 
new request is pending, microprocessor 250 acquires the ID of 
the requested output port (PORT_lD) from register 272. 
15 Microprocessor 250 then checks the list of idle output ports 
in RAM 254 to determine if the requested output port is idle. 
If the requested port is not idle, microprocessor 250 adds the 
request to the pending request table. If the requested output 
port is idle, microprocessor 250 updates the idle port table 
20 to indicate that the requested output port is no longer idle, 
and sends the request output port ID to a register 258 and the 
requesting input port ID to a register 260 via interface 
circuit 256. 

A decoder 262 within controller 22 decodes the output 
25 port ID in register 258 and asserts one of the W0-W23 lines to 
RAM 14 of FIG. 1. A decoder 264 decodes the input port ID in 
register 260 to assert one of bit lines B0-B23 and deassert 
the remaining bit lines. Thereafter microprocessor 250 
signals interface circuit 250 to pulse the write enable line 
30 WE to RAM 14 of FIG. 1. RAM 14 stores the BO- B23 data word 
at the memory location indicated by the asserted W0-W23 bit, 
causing crosspoint switch 12 of FIG. 1 to make the connection 
between the requesting input port and the requested output 
port and to break any previous connection to the output port. 
35 -Thereafter microprocessor 250 signals the bus interface 

circuit 270 of the requesting input port that the request has 
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been granted. Interface circuit 270 then pulses the GRANTED 
sigrnal to the input port's state machine 90 (FIG. 2). 

The output port arbitration unit 7 5 includes a bus 
interface circuit 280 and a flip-flop 282, When controller 73 
5 of FIG. 3 pulses the IDLE signal to signal the end of a 

unicast packet arriving on the HO line, the IDLE signal pulse 
sets flip-flop 282. Thereafter, when the arbitration 
controller 22 polls the output port, it checks the Q output of 
flip-flop 282 to determine if the port is newly idle and then 

10 resets the flop-flop. When microprocessor 250 receives an 
indication that an output port TP0-TP23 has become idle, it 
checks the pending request list to determine if any input port 
has a pending recjuest for the newly idle output port. If so 
it grants the request by sending the input port and requested 

15 output port IDs to registers 258 and 260, and telling 

interface circuit 256 to pulse the write enable signal WE. 
The microprocessor 250 then sends a GRANTED message to the 
requesting input port via the global bus. If there are no 
pending requests for the newly idle output port, 

20 microprocessor 250 simple updates the idle port list to 
indicate the output port or is now idle. 

Thus has been described a local area network switch 
having a hierarchical address translation unit including a 
central translation unit for mapping all network addresses to 

25 switch output ports and a local translation unit in each 

switch input port maintaining a cache of a relatively few of 
the most recently used address translation. Since a network 
station is typically more likely to send a next data 
transmission to one of a relatively few network stations to 

30 which it most recently sent data, the local address cache in 
each input port significantly reduces competition for access 
to the central address translation unit. Thus the network 
switch of the present invention quickly routes data 
transmissions between network stations with minimal address 

35^ translation delay. 

While the forgoing specification has described preferred 
embodiment { s ) of the present invention, one skilled in the art 
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may make many modifications to the preferred embodiment 
without departing from the invention in its broader aspects. 
The appended claims therefore are intended to cover all such 
modifications as fall within the true scope and spirit of the 
5 invention. 
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What is claimed is : 

1. A network switch for routing data transmissions 
between uniquely addressed network stations, each data 
transmission including an address of the station to which the 
transmission is being sent, the network switch comprising: 

a plurality of input ports / each receiving data 
transmissions from a separate one of said network stations, 
and for generating routing requests; 

a plurality of output ports, each forwarding data 
transmissions to a corresponding one of said network stations; 

routing means for selectively routing data transmissions 
from said input ports to said output ports in accordcuice with 
routing requests generated by said input ports; and 

a central translation unit for storing a plurality of 
mapping entries, each mapping entry corresponding to a 
separate network station and mapping the address of the 
corresponding network station to an output port to which the 
station is connected; 

wherein each input port includes a cache memory for 
storing copies of a portion of said mapping entries stored in 
said central address translation unit, 

wherein upon receiving a data transmission from a network 
station, any one of said input ports already storing in its 
cache memory an entry mapping cin address conveyed in the data 
transmission to an output port transmits a routing request to 
said routing means causing said routing means to route the 
data transmission from the input port to the output port 
mapped by the cache memory entry, and 

wherein upon receiving a data transmission from a network 
station, any one of said input ports not already having in its 
cache memoiry an entry mapping an address conveyed in the data 
transmission to an output port obtains such mapping entry from 
said central translation unit, stores the obtained mapping 
"entry in its cache memory, and transmits a routing request to 
said routing means causing said routing means to route the 
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data transmission to the output port mapped by the obtained 
mapping entry. 



2. The network switch in accordance with claim 1 

5 wherein each output port has associated therewith a 

unique port ID and each mapping entry includes a network 
address and a corresponding port ID, 

wherein said cache memory comprises a plurality of cache 
units, each cache unit storing a separate mapping entry, each 
10 cache unit receiving an address included in each data 

transmission received by the input port and providing its 
stored port ID as a cache memory output when the received 
- address matches the cache unit's stored address, and 

wherein the input port generates the routing request 
15 transmitted to said routing means in accordance with the port 
ID output of the cache memory. 

3. The network switch in accordcuice with claim 2 
wherein each input port further coitprising means for receiving 

20 ir^ut LOCK data from an external source, the LOCK data 

identifying at least one of said cache unit mapping entries as 
being locked, and 

wherein the input port stores the obtained mapping entry 
into a one of the cache units not identified by said input 

25 lock data as being locked. 



4. The network switch in accordance with claim 3 
wherein the an input port stores an obtained mapping entry 
into a particulcu: one of the cache units not identified as 

30 being locked which maps a network address least recently 

received by the cache tinits not identified as being locked. 

5. The network switch in accordance with claim 2 
wherein when an input port stores an obtained mapping entry 

35 "*into a particular one of the cache units mapping a network 
address least recently received by the cache xinits. 
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6. The network switch in accordance with claim 5 
wherein each cache unit maintains a miss count of a number of 
consecutive times it receives an address included in a data 
transmission which does not match its mapped address and 
5 resets its count when it receives an address matching its 
mapped address, and wherein said input port stores the 
obtained mapping entry in the cache unit having a highest miss 
covint . 



10 7 . The network switch in accordance with claim 6 

wherein each cache unit has a \inique cache unit ID; 
wherein each of said cache units are interconnected in 
series so that each cache unit other than a first cache unit 
of said series receives as input a miss count and a cache unit 
15 ID output from a preceding cache unit of said series, 

wherein each cache unit provides as output its own miss 
count and cache unit ID when its own miss count is less than 
its received miss count and provides its received miss count 
and cache unit ID as output when its own miss count exceeds 
20 its received miss count, and 

wherein said input port stores the obtained mapping entry 
in the cache unit identified by the cache unit ID output of a 
last cache unit of said series, 

25 8. The network switch in accordance with claim 6 

wherein each cache unit includes an input for receiving an 
externally generated LOCK signal, 

wherein each cache unit has a unique cache unit ID; 
wherein each of said cache units are interconnected in 
30 series so that each cache unit other than a first cache unit 
of said series receives as input a miss count and a cache unit 
ID output from a preceding cache unit of said series, 

wherein each cache unit provides as output its own miss 
count and cache unit ID when its own miss count is less than 
35 *its received miss count and its input LOCK signal is not 

asserted, and provides its received miss count and cache unit 



ID as output when its own miss count exceeds its received miss 
coxint and when its LOCK signal is asserted, and 

wherein said input port stores the obtained mapping entry 
in the cache unit identified by the cache unit ID output of a 
last cache unit of said series. 



9. A network switch for routing data transmission 
between uniquely addressed network stations, each data 
transmission including a source address of the station sending 
the data transmission and a destination address of the station 
to which the transmission is being sent, the network switch 
con5)rising: 

a plurality of output ports, each connected for 
forwarding data transmissions to a corresponding one of said 
network stations; 

a plurality of input ports each associated with a 
separate one of said output ports and being connected for 
receiving data transmissions from the network station 
corresponding to the associated output port; 

routing means connected for selectively routing data 
transmissions from said input ports to said output ports in 
accordance with routing request generated by said input ports; 

eUld 

a central translation unit for storing a plurality of 
mapping entries, each corresponding to a separate network 
station and mapping the address of the corresponding network 
station to output ports to which the station is connected; 

wherein each input port includes a cache memory for 
storing copies of a portion of said mapping entries stored in 
said central address translation unit for storing entries 
containing network source addresses; 

wherein upon receiving a data transmission from a network 
station, any one of said input ports already storing in its 
cache memory an entry mapping a destination address conveyed 
-in the data transmission to an output port transmits routing 
request to said routing means causing said routing means to 
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route the data transmission from the input port to the output 

port mapped by the cache memory entry, 

wherein upon receiving a data transmission from a network 

station, any one of said input ports not already having in its 
5 cache memory an entry mapping an destination address conveyed 

in the data transmission to an output port obtains such 

mapping entry from said central translation unit, stores the 

obtained mapping entry in its cache memory, and tremsmits 

routing request to said routing means causing said routing 
10 means to route the data transmission to the output port mapped 

by the obtained mapping entry, 

wherein upon receiving a data treuismission from a network 

station, any one of said input ports not already having in its 

cache memory an entry mapping a source address conveyed in the 
15 data transmission to an output port stores a cache memory 

entir/ for the source address and transmits the source address 

to said central translation unit, and 

wherein upon receiving a source address from the input 

port, the central translation unit creates an entry mapping 
20 the received source address to an output port associated with 

the input port. 

10. For a network switch having a plurality of ports 
connected to network stations, each port having a unique port 
25 ID and each network station having a unique network address, a 
hierarchical address translation system comprising: 

a central translation \init for storing a plurality of 
mapping entries, each mapping entry mapping an address of a 
separate one of said stations to a corresponding port ID; 
30 a plurality of local translation units each receiving 

from a separate one of said network stations an input address 
and producing as output a corresponding port ID, 

wherein each local translation unit includes a cache 
memory for storing a subset of the mapping entries stored by 
35 "said central translation unit, each entry including a network 
address and a corresponding port ID, 
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wherein each local translation unit, upon receiving an 
input network address already mapped by an entry stored in 
said cache memory, provides the port ID stored in that mapping 
entry as its output, and 
5 wherein each local translation unit, upon receiving an 

input network address not already mapped by an entry stored in 
said cache memory, obtains a mapping entry from the central 
translation unit which maps the input address to a port ID, 
stores that mapping entry in its cache memory, and provides 
10 the port ID included in the obtained mapping entry as its 
output . 

11, A hrerarchical translation system for receiving 
incoming input data values from a plurality of sources and 
15 producing an output data value corresponding to each input 
data value, the system comprising: 

a bus for conveying data values; 

a central translation xinit connected to said bus for 
storing a plurality of mapping entries, each mapping entry 

20 mapping an input data value to a corresponding output data 
value, and for transmitting an output data value on said bus 
in response to an input data value received via said bus; and 

a plurality of local translation units, each local 
translation \init comprising a cache memory for storing a 

25 subset of the mapping entries stored by said central 

translation xmit and means for receiving incoming input data 
values from a separate one of said sources, and upon receiving 
an incoming input data value already stored in a mapping entry 
of its cache memory providing an output data value stored in 

30 that mapping entry as system output, cuid upon receiving an 
incoming input data value not already stored in a mapping 
entry of its cache memory transmitting the input data value to 
the central translation xinit via said bus, receiving a 
corresponding data value from the central translation unit via 

35 said bus, storing the incoming input data value and received 
output data value as a new mapping entry in its cache memory, 
and providing the received output data value as system output. 




12. The hierarchical translation system in accordance 
with claim 11 wherein said cache memory comprises a plurality 
of cache irnits, each cache unit storing one of said mapping 
entries, each cache unit receiving the incoming input data 

5 value and providing its stored output data value as a system 
output when the incoming data value matches the cache unit's 
stored input data value. 

13 . The hierarchical translation system in accordance 

10 with claim 12 wherein when one of said local translation units 
stores a new mapping entry in its cache memory, it replaces an 
existing mapping entry stored in a particular one of the cache 
\xnits replacing an existing mapping entry in one of the cache 
xinits containing an input data value having least recently 

15 matched an incoming input data value. 

14. The hierarchical translation system in accordance 
with claim 13 wherein each cache unit maintains a miss count 
of a number of consecutive times it receives an incoming input 

20 data value which does not match its stored input data value 
and resets its count when it receives an incoming input data 
value matching its stored input data value, and wherein each 
local translation unit stores the new mapping entry in one of 
its cache units having a highest miss count. 

25 

15. The hierarchical translation system in accordance 
with claim 14 

wherein each cache lanit has a unique cache \init ID; 
wherein the cache units of each local translation unit 
30 are interconnected in series whereby each cache unit other 
than a first cache unit of said series receives as input a 
miss count and a cache unit ID output from a preceding cache 
unit of said series, 

wherein each cache unit provides as output its own miss 
35 "count and cache unit ID when its own miss count is less than 
its received miss count and provides as output its received 
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miss coxint and cache unit ID when its own miss count exceeds 
its received miss count, and 

wherein each local translation unit stores the new 
mapping entry in the cache unit identified by the cache unit 
5 ID output of a last cache unit of said series. 

16. The address translation system in accordance with 
claim 14 wherein each cache unit includes an input for 
receiving an externally generated LOCK signal, 

wherein each cache unit of each local translation unit 
has a unique cache unit ID; 

wherein the cache units of each local translation xinit 
are interconnected in series so that each cache unit other 
than a first cache unit of said series receives as input a 
15 miss count and a cache unit ID output from a preceding cache 
unit of said series, 

wherein each cache unit provides as output its own miss 
coxint and cache unit ID when its own miss count is less than 
its received miss count and its input LOCK signal is not 
asserted, and provides its received miss count and cache unit 
ID as output when its own miss count exceeds its received miss 
count and when its LOCK signal is asserted, and 

wherein each local translation unit stores the new 
mapping entry in the cache unit identified by the cache unit 
25 ID output of a last cache xinit of said series. 
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